OBJECTIVE: To investigate the effects of short term (15 days) cafeteria diet feeding on the expression of b b 3 -AR in vivo and its association with lipolytic stimulation induced by b b 3 -AR agonist CGP12177A in isolated white adipocytes. ANIMALS: Six female and 6 male Wistar rats (at 4 weeks of age) were fed on a cafeteria diet plus standard diet for 15 days. The remaining 12 age-and sex-matched rats always received standard diet only. MEASUREMENTS: White gonadal adipose tissue was isolated and used for the determination of b b 3 -AR and leptin expression, and for in vitro studies of lipolytic activity. RESULTS: Control male rats had higher levels of both b b 3 -AR and leptin mRNA in white adipose tissue than their female counterparts. Both male and female rats up-regulated the levels of both b b 3 -AR and leptin mRNA in response to 15 day cafeteria diet feeding. Noradrenaline-and isoprenaline-induced lipolysis were signi®cantly increased in fat cells from control females compared to their male counterparts. CGP12177A stimulation resulted in signi®cantly higher glycerol release in fat cells from cafeteria diet-fed female rats, whereas there were no differences due to dietary treatment in male rats. The maximal lipolytic response of forskolin (stimulating adenylyl cyclase) and dibutyryl cyclic AMP (cyclic AMP analogous) was not affected by sex or cafeteria diet feeding. CONCLUSION: Cafeteria diet feeding brings about higher excess body weight and impaired adipose tissue lipolytic activity in female rats compared to male rats. Thus, the higher levels of b b 3 -AR mRNA induced by cafeteria feeding are not indicative per se of an increase of the lipolytic response of the adipocytes. The changes seen in other adrenoceptor subtypes (b b 1 and b b 2 ) may be more determinant of the overall lipolytic response of adipocytes.
Introduction
Lipid mobilization from adipose tissue, controlled by the adrenoceptor system, plays a key role in the regulation of the energy balance, and different adrenoceptor subtypes are involved in the adrenergic regulation of fat cell function. The effects on cAMP production and cAMP-related cellular responses are mediated through the control of adenylyl cyclase activity by the stimulatory b 1 -, b 2 -and b 3 -adrenoceptors (AR) and the inhibitory a 2 -ARs. 1, 2 The b 3 -AR is highly expressed in rodent adipose tissues 3, 4 and several studies have suggested that it plays a signi®cant role in adipocyte metabolism and might be involved in the development of obesity, 4 ± 6 thus making b 3 -AR a possible target for anti-obesity drugs. In this way, numerous selective b 3 -AR agonists have been synthesized and have been found to possess, with various degrees of speci®city, anti-obesity and also anti-diabetic properties. 7 ± 10 Leptin is a secreted protein, mainly expressed in mature adipocytes, which is encoded by the ob gene, and regulates body composition through its effects on food intake and energy metabolism. 11, 12 The leptin expression in adipose tissues might therefore be under the control of the sympathetic system, whose effects are mediated by the b 3 -AR. 13 The aim of the present work was to study the effects of short-term (15 days) cafeteria diet feeding on the expression of b 3 -AR in vivo and its association with lipolytic stimulation induced by b 3 -AR agonist CGP12177A in isolated rat white adipocytes. As most human obesity is thought to occur in response to high-fat diets, we selected the cafeteria diet, which is an animal model that induces obesity by dietary treatment. 14 ± 16 We also regarded it as interesting to carry out the study in male and female rats, as previous works done by our group showed sex-associated differences in the pro®le of weight gain and on the uncoupling protein 1 (UCP1) expression, synthesis and activity.
Methods

Animals and diets
Twelve female and 12 male Wistar rats were obtained from CRIFFA (Barcelona, Spain) at 4 weeks of age. The animals were housed three per cage in a temperature-and humidity-controlled room with a reverse 12 h light, 12 h dark cycle. All animals had ad libitum free access during the whole experiment to both drinking water and standard chow pellets (type A03 from Panlab, Barcelona, Spain). From 4 days after arrival until 15 days later (when they were sacri®ced), half of the animals (six females and six males) were also given a cafeteria diet; the remaining rats always received standard diet only.
Body weights of all animals were assessed three times a week. The foodstuffs of the cafeteria diet commonly used in our laboratory have been previously reported. 15, 16 Food intake was measured for each cage of three animals within a 24 h period on days 32, 40 and 47 of age. Energy intake was determined from the actual amount of standard chow and each individual component of the cafeteria diet consumed by the animals per day, and their composition. 16 The diet self-selected by cafeteria diet fed rats turned out to be hypercaloric, hyperlipidic, isoglucidic and slightly higher in proteins compared to the control diet.
After 2 weeks on the dietary treatment, both cafeteria diet-fed and standard diet-fed animals (47 days old) were killed (in a fed condition) by decapitation at the start of the light cycle, and gonadal adipose tissue Ð epididymal in males and ovaric (here referring to the fat tissue around ovaries and uterus) in females Ð was rapidly removed. For RNA extraction and analysis, portions of white adipose tissue (approximately 100 mg) were frozen in liquid N 2 and kept at 770 C until processing. Isolation of fat cells and lipolytic rate measurement were performed on the same day on fresh samples of tissue.
RNA extraction and Northern blot analysis of b 3 -AR mRNA, leptin mRNA and 18S rRNA Total RNA was isolated from epididymalaovaric white adipose tissues using Tripure 2 reagent, following the instructions of the manufacturer (Boerhinger Mannheim). A 30 mg sample of white adipose tissue RNA, denatured with formamideaformaldehyde, was fractionated by agarose gel electrophoresis as described in Jacobsson et al. 18 The RNA was then transferred onto a Hybond nylon membrane (Boerhinger Mannheim) in 20ÂSSC (saline sodium citrate buffer: 1ÂSSC is 150 mM NaCl, 15 mM trisodium citrate, pH 7.0) by capillary blotting for 16 h according to Jacobsson et al 18 and ®xed with UV light. b 3 -AR mRNA, leptin mRNA and 18S rRNA were analysed sequentially on the same membrane, in the aforementioned order, by a chemiluminiscence procedure based on the use of antisense oligonucleotide probes end-labelled with digoxigenin. We used the following probes, labelled at both ends, obtained from Boerhinger Mannheim: for b 3 -AR  mRNA,  5  H -GCGGAGACTCCTCGG-GCGGAAAACGGCCCA-GCTCCCA-3   H   and for  leptin  mRNA,  5  H -GGTCTGAGGCAGGGAG-CAGCTCTTGGAGAA-GGC-3 H . Fixed membranes were pre-hybridized at 42
C for 1 h in DIG-Easy Hyb (Boehringer Mannheim), and then hybridized with the corresponding oligonucleotide probe (used at 35 ngaml, except the 18S rRNA probe, which was used at 70 pgaml) in DIG-Easy Hyb at 42 C overnight. Hybridized membranes were submitted to 2Â15 min washes in a solution of 2ÂSSCa0.1% SDS at room temperature, followed by 2Â15 min washes in 0.1ÂSSCa0.1% SDS at 48 C. After blocking, the membranes were incubated ®rst with an antidigoxigenin ± alkaline phosphatase conjugate, and then with the chemiluminiscent substrate CDPStar 2 , as in the protocols provided by Boerhinger Mannheim. Finally, membranes were exposed to Hyper®lm 2 ECL (Amersham); bands in ®lms were analysed by scanner photodensitometry and quanti®ed using the BioImage program (Millipore, Bedforf, MA, USA). Stripping in-between analysis was performed by exposing the membranes to boiling 0.1% SDS.
Isolation of fat cells and lipolytic activity determination
Fat cells were isolated by collagenase treatment in accordance with the method of Rodbell. 19 Brie¯y, tissue samples were minced at room temperature and incubated for 30 min with 1.5 gal of collagenase in 10 ml Krebs-Ringer bicarbonate (KRB) buffer (pregassed with 95% O 2 ± 5% CO 2 , pH 7.4) containing 10 mM Hepes, 6 mM glucose and 30 gal of bovine serum albumin at 37 C in a shaking bath. Cells were ®ltered though a nylon mesh (250 mm) and subsequently washed three times with a collagenase-free buffer.
Fat cell size was measured by direct microscopy and the mean adipocyte diameter was calculated from the diameter of 50 cells.
Measurements of lipolytic activity were performed by incubating isolated adipocytes (25,000 ± 30,000 cellsaml) at 37 C in a shaking bath in 0.5 ml of KRB buffer containing 10 mM Hepes, 6 mM glucose and 30 gal of bovine serum albumin in the presence of various concentrations of lipolytic agents under an atmosphere of 5% CO 2 RS79948. The same batches of collagenase and albumin, and the same stock solution of agonists, were used throughout the study.
After 90 min of incubation, the reaction was stopped in a water ice bath and aliquots (200 ml) of the cell-free medium were taken to determine the glycerol concentration, as an index of lipolysis, by ā uorimetric method adapted from Eggstein and Kulhmann. 20 The lipolytic activity was expressed both on a per cell basis, as nanomoles of glycerol released per 10 6 cells, andaor on a percentage stimulation over basal lipolysis levels. All agonists caused a concentrationdependent stimulation of glycerol release which reached a plateau at the highest agonist concentrations. Dose ± response curves for agonists and antagonist were ®tted with nonlinear regression analysis for sigmoidal curves using GraFit computer programme (Leatherbarrow R.J. GraFit version 2.0, Erithacus Software Ltd, Staines, 1990) . This data processing allowed us to calculate the maximal stimulation of the glycerol release induced by each agonist. Maximal lipolytic rates of the agonists were used as an indication of lipolytic responsiveness. The lipolytic rates were corrected for the difference in basal lipolysis, by subtracting the basal values. Furthermore, the intrinsic activity was determined by comparing the maximum effect of noradrenaline and CGP12177A with the maximum effect of isoprenaline (expressed as a percentage of the maximum isoprenaline effect).
Drugs and chemicals
( AE )-Noradrenaline bitartrate salt, (7)-isoproterenol ( )-bitartrate salt (isoprenaline), dobutamine hydrochloride, terbutaline hemisulfate salt, forskolin, dibutyryl cyclic AMP, bovine serum albumin (fraction V) and Clostridium histolyticum collagenase type II were obtained from Sigma (Spain). ( AE )-CGP12177A and BRL37344 were obtained from Research Biochemicals International (RBI, Spain). RS79948 hydrochloride was obtained from TOCRIS (Spain). Materials for RNA extraction and analysis were from Boehringer Mannheim (Spain). Reagents for glycerol determination and routine chemicals used were from Sigma (Spain) and Panreac (Spain).
Statistical analysis
All data are presented as mean values AE s.e.m. For each agonist and experimental group the calculations of maximal stimulation were carried out by ®tting with nonlinear regression analysis for sigmoidal curves using the GraFit programme (Leatherbarrow R.J. GraFit version 2.0, Erithacus Software Ltd, Staines, 1990) and differences between dose ± response curves were analysed with analyses of variance using the same programme and the procedure described by Motulsky and Ransnas 21 to compare parameters of curves ®tted by nonlinear regression. The level of probability was set at P`0.05 as statistically signi®cant.
With respect to body and tissue weights, fat cell diameter, energy intake, gene expression data, basal lipolysis and intrinsic activity, differences between groups were assessed by two-way analysis of variance (ANOVA) and Student's t-test. The level of probability was set at P`0.05 as statistically signi®cant.
Results
Effect of cafeteria diet feeding on body weight, tissue weight and adipocyte size of male and female rats Figure 1 shows the body weight curves (A), and the energy intake curves (B) corrected for differences in body size. Both male and female rats gained more weight when consuming the cafeteria diet than animals on a standard diet. The excess of body weight attained after 15 days of cafeteria diet feeding was sex dependent, 6% for male rats and 13% for female rats. In both sexes, body weight gain resulted from volun- Figure 1 Evolution of body weight (A) and energy intake (B) of control and cafeteria diet fed male (M) and female (F) Wistar rats. The animals were fed ad libitum with standard chow only, or with standard chow plus cafeteria diet. See the text for details on the diets used and the measurement of energy intake. The data represent the means AE s.e.m. of six animals per group. Student's t-test signi®cant differences: *control vs cafeteria diet feeding (P`0.05).
b 3 -AR expression and lipolysis sex differences I Llado Â et al tary hyperphagia: energy intake of cafeteria diet fed rats was nearly three times that of standard diet fed animals (same pro®le for males and females) throughout the period studied. This is because of a combination of both a greater amount of food eaten per day and a preference for fat intake (44% of the total energy intake is made up of lipids in cafeteria diet fed rats while only 12% in control animals). Neither were any differences observed between males and females when the energy intake was corrected for surface (results not shown).
Tissue weight and fat cell diameter of epididymalaovaric adipocytes from both cafeteria diet and standard diet fed animals are shown in Table 1 . In both sexes, cafeteria diet feeding induced similar signi®cant increases of the weight of gonadal adipose tissues. The adipocytes from both cafeteria diet-fed males and females were larger than those of control animals due to enhanced lipid deposition, re¯ecting the characteristic hypertrophy induced by feeding on a hypercaloric and hyperlipidic diet such as the cafeteria diet.
Effect of cafeteria diet feeding on b 3 -AR and leptin mRNA expression in white adipose tissue of male and female rats Figure 2A shows the b 3 -AR and leptin mRNA levels in the adipose tissue of control and cafeteria fed animals after correction for the 18S rRNA levels, which served to check the loading and transfer of RNA during electrophoresis and blotting. Figure 2B shows representative Northern blots. Standard diet-fed male rats had higher levels of both b 3 -AR and leptin mRNA than their female counterparts. Both male and female rats up-regulated the levels of both b 3 -AR and leptin mRNA in white adipose tissue in response to 15 day cafeteria diet feeding (b 3 -AR mRNA: 60% increase in males and 38% increase in females; leptin mRNA: 63% increase in males and 53% increase in females, compared to their respective controls). b 3 -AR expression and lipolysis sex differences I Llado Â et al (b 2 -AR agonist) was also measured. To assess the a 2 -AR effect the glycerol release induced by noradrenaline in the presence of an a 2 -AR antagonist (RS79948) was also analysed. As an index of lipolytic potencies of the fat cells, agents by-passing the receptor step such as forskolin (stimulating adenylyl cyclase) and dibutyryl cyclic AMP (cyclic AMP analogous resistant to phosphodiesterase) were tested. The noradrenaline-and isoprenaline-, and dobutamine, terbutaline and CGP12177A-induced glycerol release from adipocytes of both standard diet and cafeteria diet fed animals is depicted in Figures 3 and 4 , respectively. The estimations Ð assessed by computer analysis using the GraFit programme and compared with analyses of variance using the same programme and the procedure described by Motulsky and Ransnas 21 Ð of the maximal stimulation of lipolytic activity induced by these agonists are shown in Table 2 . All agonists stimulated lipolysis in a concentrationdependent fashion. Noradrenaline, isoprenaline and terbutaline were more effective in fat cells from control females than their male counterparts (about 30% for noradrenaline, 20% for isoprenaline and 40% for terbutaline), whereas this effect was not seen for CGP12177A. The stimulation of lipolysis by dobutamine was higher (40%) in control males than in females.
The effect of 15 day cafeteria diet feeding on the induction of glycerol release by noradrenaline and isoprenaline was sex-dependent ( Figure 3 and Table  2 ). In female rats, both AR agonists were less effective in cafeteria diet compared to controls (approximately 45% decrease) whereas in males, no signi®cant differences between cafeteria and standard diet feeding were seen. CGP12177A stimulation resulted in signi®cantly higher glycerol release in fat cells from cafeteria diet-fed female rats in comparison to their controls. On the other hand, there were no Figure 3 Effect of short-term cafeteria diet feeding on noradrenaline-and isoprenaline-stimulated lipolysis in white adipocytes from male and female Wistar rats. Data are means AE s.e.m. of six animals per group. Glycerol release rates are minus basal values. Dose ± response curves for agonists were ®tted with nonlinear regression analysis for sigmoidal curves using GraFit computer programme and differences between dose ± response curves were analysed with analyses of variance using the same programme and the procedure described by Motulsky and Ransnas. 21 b 3 -AR expression and lipolysis sex differences I Llado Â et al differences due to dietary treatment in male rats. Terbutaline induced signi®cantly higher lipolysis in cafeteria diet-fed males with respect to their controls, whereas the stimulation of glycerol release induced by this b 2 -AR agonist in cafeteria female rats was lower than in their controls. In both standard diet and cafeteria diet-fed female rats noradrenaline was a full agonist (Table 2 ) with values for intrinsic activity of b95% of isoprenaline action. In both groups of male rats noradrenaline acted as a partial agonist (`85% of isoprenaline action). CGP12177A was a partial agonist in all groups, but there were sex-dependent differences. The intrinsic activity for CGP12177A was at the same level in both male and female control rats. The 15 day cafeteria diet feeding induced a signi®cant increase of the intrinsic activity for the b 3 -AR agonist in female rats whereas no effects were observed in male rats.
Basal lipolysis rates and maximum action of the lipolytic agents expressed as percent-stimulation over Figure 4 Effect of short-term cafeteria diet feeding on dobutamine-, terbutaline-and CGP12177A-stimulated lipolysis in white adipocytes from male and female Wistar rats. Data are means AE s.e.m. of six animals per group. Glycerol release rates are minus basal values. Dose ± response curves for agonists were ®tted with nonlinear regression analysis for sigmoidal curves using GraFit computer programme and differences between dose ± response curves were analysed with analyses of variance using the same programme and the procedure described by Motulsky and Ransnas. Table 3 . Cafeteria diet feeding induced no signi®cant changes in the basal lipolysis. Complete activation of lipolysis (if compared with that induced by isoprenaline) was obtained when noradrenaline was in the presence of the a 2 -AR antagonist RS79948. Maximal stimulation of glycerol release induced by BRL37344 was decreased by cafeteria diet feeding in female rats, whereas no effect was seen in males. Neither sex nor dietary treatment induced changes in the lipolytic activity stimulated at the level of cyclic AMP or at the adenylyl cyclase level with forskolin.
Discussion
In this study, the effects of 15 day cafeteria diet feeding on the expression and function of the b 3 -AR in rat gonadal adipose tissue have been investigated. Our results point to differences between male and female rats in the leptin and b 3 -AR mRNA expression in adipose tissues and also in the lipolytic activity of fat cells. A sexual dimorphism in the lipolytic activity has also been shown in response to 15 day cafeteria diet feeding. The different fat depots in male and female rats show essentially distinct characteristics, therefore it is impossible to extrapolate the behavior of one particular site to the entire adipose mass. Thus, the ®ndings here must be limited to the sites under consideration.
We found differences in both the b 3 -AR and leptin mRNA levels, when white adipose tissues from male and female control rats were compared, with higher levels in males. However, the stimulated glycerol release by noradrenaline and isoprenaline was higher in female control rats than in their male counterparts. It is known that the adrenergic signal transducing system regulating lipolysis in white adipocytes is a target for sex hormones; 22, 23 and in rat adipocytes b-AR-mediated cAMP generation has been found to be higher in the female than in the male rats. 24 What is more, steroid hormones have been seen to reduce noradrenaline-induced UCP1 synthesis in brown adipocytes differentiated in primary culture, 25 whereas in vivo they have been described to bring about a higher expression and synthesis of UCP1 in brown adipose tissue of female rats vs males. 17 In female rats, noradrenaline, which also stimulates a 2 -ARs, acted as a full agonist (intrinsic activity b95% with respect to isoprenaline maximal effect), whereas in male rats it was only a partial agonist (intrinsic activity`85% with respect to isoprenaline maximal effect). The results obtained when increasing doses of noradrenaline are tested in the presence of RS79948, an a 2 -AR antagonist, point to differences in a 2 -AR function possibly contributing to the observed sex-dependent variations, together with a different b-AR distribution in gonadal adipose tissues of both sexes. In support of this, testosterone has been shown to promote both the b-adrenergic lipolytic and the a 2 -adrenergic antilipolytic responses 22 and also to enhance the expression and synthesis of a 2 -AR. 26 Here we have shown that the increased b 3 -AR expression in the adipose tissue of male control rats (compared to female rats) was not suf®cient to trigger higher lipolysis induced by CGP12177A, which is a b 3 -AR agonist and also a b 1 -and b 2 -AR antagonist, or by BRL37344, which is a full b 3 -AR agonist. The mechanism involved in these gender differences is 6 cell minus basal values. Intrinsic activity is expressed in relation to isoprenaline. The maximal stimulation data were obtained by curve ®tting analysis performed by nonlinear regression using the GraFit computer programme and curves were compared using the procedure described by Motulsky and Ransnas. 21 Differences in intrinsic activity were assessed by ANOVA and Student's t-test. Signi®cant differences Student's ttest: *control vs cafeteria diet feeding; **females vs males (P`0.05). ANOVA differences: D, effect of diet; S, effect of sex; DÂS, interaction of diet and sex (P`0.05). (n 12) . Maximal action of lipolytic agents is expressed as percentage stimulation over basal lipolysis levels and was obtained by curve ®tting analysis performed by nonlinear regression using the GraFit computer programme and curves were compared using the procedure described by Motulsky and Ransnas. 21 Differences in basal lipolysis were assessed by ANOVA and Student's t-test. Signi®cant differences Student's t-test: *control vs cafeteria diet feeding; **females vs males (P`0.05). likely to include changes in both mRNA and protein stability or in the protein synthesis process, since our results do not point to signi®cant differences in the signal transducing system (assessed by forkolin and dibutyryl cyclic AMP). When rodents are given a choice of highly palatable energy-rich-foods, such as a cafeteria diet, they develop obesity but the amount of weight gained is limited by enhanced diet induced thermogenesis in brown adipose tissue. 27 In this study the rats are still growing fast, and the increase in body mass is likely to be due to an increase in the lean tissue and also to fat deposition. The three-fold energy intake displayed by the cafeteria diet-fed rats compared to control rats is not in line with a parallel increase in the body weight. In females, the higher body weight increase caused by cafeteria diet feeding cannot be attributed to a higher energy intake with respect to their male counterparts (both expressed by body weight or surface), but would be more in accordance with less effective thermogenesis in brown adipose tissue such as has been described in cafeteria diet fed females (100 days of cafeteria diet feeding) compared to male rats. 17 As a re¯ection of the adipose tissue hypertrophy induced by the hypercaloric and hyperlipidic feeding, both groups of dietary treated animals showed higher adipocyte size than control rats. This is also in agreement with the up-regulation of leptin mRNA levels in the white adipose tissue of these rats in response to cafeteria diet feeding. The higher leptin expression is a result of the white adipose tissue hypertrophy induced by the voluntary hyperphagia, and has also been described in rats with an acquired obesity due to a high-fat diet. 28 Cafeteria diet feeding for 15 days induced an upregulation of b 3 -AR expression in both male and female rats. Previous results from our group showed a down-regulation of b 3 -AR mRNA levels in brown 17 and white (unpublished results) adipose tissues after chronic treatment with cafeteria diet (over a 100-dayperiod). Other authors have demonstrated that high fat feeding for 16 weeks can adversely affect adipocyte AR expression and function. 10 Moreover the downregulation of b 3 -AR mRNA levels has been explained as a retroregulatory response to the chronic sympathetic stimulation associated with the sustained high energy intake of cafeteria fed rats. 17 Thus, the fact that in our study the rats were under shorter dietary treatment (for 15 days only) could explain why the down-regulation of b 3 -AR was not present. The observed up-regulation of b 3 -AR expression could point to an early response of white adipose cells to counteract the high fat intake in order to maintain energy balance through an activation of both lipolysis in white fat and thermogenesis in brown tissue thus trying, in this way, to avoid gaining weight. However the response to feeding stimulation seems not to be enough to maintain a higher lipolytic activity (stimulated by noradrenaline or isoprenaline) in spite of the up-regulation of the b 3 -AR expression in both male and female cafeteria-fed rats.
Besides, the effect of the cafeteria diet treatment for 15 days on adipocyte lipolytic activity is sex-dependent. In male rats, cafeteria diet feeding induced a lower lipolytic activity stimulated by dobutamine, whereas it induced an increase with terbutaline. Unlike male rats, the noradrenaline-, isoprenaline-and terbutaline-induced lipolytic activity were reduced in isolated adipocytes from cafeteria diet-fed female rats, although higher CGP12177A-stimulated glycerol release was also observed. In rat adipocytes it has been estimated that 70% of maximal stimulation is due to b 1 -and b 2 -ARs, and 30% is due to b 3 -AR, 29 as we have also seen in this study. What is interesting to note is that, in female rats, with the feeding stimulation the b 3 -AR takes on a more dominant role. Since desensitization of b 1 -and b 2 -, but not b 3 -AR-mediated lipolytic responses of adipocytes have been reported after long-term noradrenaline infusion, 4,30 the values of female rats for intrinsic activity related to isoprenaline of both the CGP12177A (control female rats 27.2 and cafeteria diet fed female rats 75.8) and the BRL37344 (control female rats 54.4, cafeteria diet fed female rats 71.7) indicate an increase in the function of the b 3 -AR. Our results point to a compensatory mechanism in female rats by which the b 3 -AR increase would attempt to counteract the decrease in b 2 -ARs due to cafeteria diet feeding. Moreover, these sex-differences induced by the cafeteria diet feeding may not be attributed to effects at the post-adrenoceptor level. Thus, the total lipolytic activity is decreased in female rats and would be responsible, in part, for the higher body weight reached by females (13%) compared to males (6%) after cafeteria diet feeding in our study.
In summary, it can be concluded that 15 day cafeteria diet feeding brings about a higher excess body weight and impaired adipose tissue lipolytic activity in female rats compared to male rats, with the same energy intake per gram of body weight. What is more, the sex differences outlined here in response to cafeteria diet feeding show that the higher levels of b 3 -AR mRNA induced by cafeteria feeding are not indicative per se of an increase of the lipolytic response of the adipocytes, because changes in other AR subtypes (b 1 -and b 2 -ARs) may be more determinant of the overall lipolytic response of the adipocyte.
